Taro production is mainly affected by agroecology, planting time and planting density. To this effect, a field study was conducted to determine influences of planting density and planting dates on growth, radiation interception and yields of taro (Colocasia esculenyta (L.)). The experiment was conducted using four levels of planting density (15037, 19607, 26666 and 38461 plants ha -1 ) and four planting dates from mid-February to mid-April at 21 days interval at Areka and Hawassa locations. SAS statistical software package was used for the analysis of the data derived from the experiment. From the analysis, interaction of location by planting dates significantly (p<0.01) influenced date of emergence, stand count and plant height. While, leaf area, leaf area index (LAI) and plant height, were significantly influenced due to location by planting density interactions. However, dry matter production (DMP) was influenced by planting density only. Cumulative interception photosynthetically active radiation (CIPAR), corm weight, cormels number, marketable yield and total yield per plant were significantly (p≤0.05) influenced both by plant density and planting dates. Maximum total and marketable yield were obtained from 15037 plant ha -1 at late and early March planting dates. Plant density and planting dates are therefore important agronomic management practices to improve the productivity of taro through enhancing the capacity of plant for light interception, growth and dry matter production.
INTRODUCTION
In Ethiopia taro (Colocasia esculenta (L)) is among the list of major root and tuber food crops that are consumed across the country. The crop is produced on about 52,201 ha of land with 40,600 ton per annum production (CSA, 2011) . Since many tropical areas often experience unfavorable environmental conditions, the crop is *Corresponding author. E-mail: kenanidessa@yahoo.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License particularly important for food security to fill seasonal food gaps when other crops are not in the field (Beyene, 2013) . In Ethiopia, Taro has extensively been cultivated in dense populated and high rainfall areas of South, Southwest and Western parts of the country (Dagne et al., 2014) . Currently, taro production areas are increasing in Ethiopia due to the fact that the level of dependence on sweet potato and enset crop is shifting to maize and taro (Dagne et al., 2014; Tsedalu et al., 2014) . Taro crop have multi-fold nutritional advantages; its corms are high in carbohydrate in the form of starch and low in fat and protein (John, 2007) . It contains about 7% protein on a dry weight basis. This is more than yam, cassava or sweet potato (FAO, 1999) . Its leaf also rich in protein, containing about 23% proteins on a dry weight basis. It is also a rich source of calcium, phosphorus, iron, Vitamin C, thiamine, riboflavin and niacin, which are important constituents of human diet (FAO, 1999; Onwueme, 1999; Ndon et al., 2003) . Despite all this nutritional advantages, the current taro production in Ethiopia is very low (7.6 t/ha), compared to other countries like Egypt (31.1 t/ha), Mauritius (11.6 t/ha) (Manner and Taylor, 2011) and Malesia (50 t/ha in low land and 25 t/ha in dry land) (De la Pena and Plucknett, 1972) . This indicates the need of further work to improve the situation.
In Ethiopia, farmers undertake taro planting at different times. Some farmers undertake planting at onset of rain (late March to early April); some plant during off season using residual moisture (November to December); some plant in dry season (January to February). But, planting is not common during main rainy season (May to September) (Personal communication with taro Breeder at Areka Agricultural Research Center). In general, there is no scientific recommendation of taro planting time in Ethiopia. On the other hand, the current climate change is another scenario that makes the rainy season unpredictable and shifting of seasons from year to year due to the latitudinal position of the country (Paul and Balaji, 2007) .
The impact of climate change does not end in seasonal shifting but also affect both the macro and micro climatic environments. Thus, synchronization of planting dates with current situation may be a vital approach to cope up with the challenge. Concurrently, reports by Mare (2009) revealed that delayed planting negatively affected cormels number per plant and fresh cormels mass. In addition, Mare and Modi (2012) reported that delay in planting significantly decreased starch content on certain cultivars of taro.
On the other hand, radiation is one of the important basic meteorological parameters for crop production. Under favorable conditions, radiation plays a decisive role in vegetative growth and development. Excessive or insufficient exposure of taro crop to radiation was reported to reduce taro productivity (Bernardes et al., 2011) . Interception of radiations on leaf surface cannot be controlled but can be manipulated for their maximum use by crop management means. Crop growth can be analyzed in terms of its efficiency to use intercepted radiations and the method has been used in various field crops (Hussain et al., 1998 (Hussain et al., , 1999 (Hussain et al., , 2002 Bernardes et al., 2011) .
The fraction of radiation intercepted by crops increases hyperbolically with LAI; in many crops 80-85% of the incident radiation is intercepted when LAI is between 3.0 and 4.0, and 95% when LAI reaches 5.0 (Scott and Jaggard, 1978; Hussain et al., 2002) . This shows that establishment of adequate plant canopy has important role on radiation interception and crop biomass production. Thus, the chosen crop spacing is based on the hypothesis that there is optimal plant population density that allows interception of ≥95% of the available photosynthetically active radiation (PAR) to give highest possible yield at specific growth period (Hussain et al., 2002) . Purcell et al. (2002) reported that no additional yield advancement with further increase of plant population density can occur because of decrease in radiation use efficiency at higher plant population density. In addition, Maddonni et al. (2001) observed that light interception varied in different row distance and that changes leaf area index. Similarly, planting date has also relation with light interception. Uzun (1996) reported that when planting is commenced earlier than the actual time, plants are exposed to light radiation with a certain leaf area before adverse climate conditions. This is important particularly with respect to light and daily temperature unit accumulated during the growth period. There is also a case in which plant density depends on planting dates. According to Gendua et al. (2001) , farmers may consider planting with a wider spacing during cooler months and with a narrower spacing during hotter months to optimize corm size and production. Similarly, reports by Abd-Ellatif et al. (2010) indicated that planting date and intra-row spacing interaction has a significant effect on vegetative growth parameters and total yield in which, early planting dates with closer distances between plants give the highest values for these characters.
In Ethiopia, so far, research on taro is mainly focused on breeding aspects such as germplasm collection, characterization, and selection activities while information on agronomic management such as plant density and planting date is very limited. Thus, information derived from this study expected to supports farmers' decision on planting date and planting density and gives researchers preliminary information for further taro plant ecophysiology studies in tropical environment. Therefore, the current study was initiated with the following objectives:
1. To evaluate the effect of planting density and planting dates on taro growth and canopy light interception 2. To investigate the effect of planting density and planting dates on taro corm and cormels yield and yield Figure 1A . Mean maximum and minimum temperature of the experimental site during the experimental period. 
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MATERIALS AND METHODS
Experimental sites
The experiment was conducted at Hawassa University (7°03' N latitude and 38°30'E longitude) and Areka Agricultural Research Center (7°06' N latitude and 38°37' E longitude), Southern Ethiopia, from February to December, 2015. Hawassa is located at 1700 m while Areka is located at 1800 m above sea level. The physicochemical characteristics of the soil of the experimental sits presented in Table 1 are almost similar with the type of soil that suit taro production (Manner and Taylor, 2011) . The average maximum and minimum temperatures during the experimental period were 28.6 and 14.8°C at Hawassa and 26 and 15°C at Areka, respectively ( Figure 1A ). The total rainfall and relative humidity during the experimental period was also presented in Figure 1B . 
Treatments and experimental design
Four levels of planting density (15037, 19607, 26666 and 38461 plant ha -1 ) and planting dates consisting February 14 (MidFebruary), March 5 (Early March), March 26 (Late March), and April 16 (Mid-April) at 21 days interval were used as treatments at two locations (Areka and Hawassa). The experiment was conducted in RCBD factorial arrangement using three replications. Uniform corm size (250-300 g) of improved taro cultivar (Boloso-1) was used as a planting material.
Agronomic practices
The lands for the experiment were prepared in January and the first planting was made on 13 th and 16 th February 2015 at Areka and Hawassa respectively and the other three successive plantings were done at 21 days interval at each location. Equal does of P and N at 200 kg ha -1 were applied in the form of Triple Super Phosphate (TSP) and urea (CH4N2O). The nitrogen fertilizer was applied in spilt application at planting and 50 days after planting (Tadesse and Tesfaye, 2010) . All agronomic managements were made manually as required during the growing period.
Data collection
Random sample of five plants from the three inner rows of each experimental plot were considered to determine plant height, shoot number per plant, number of leaf per plant, leaf area and leaf area index. To determine corm/cormels yield and other yield parameters, only three central rows were harvested and yield parameters such as number, length, diameter and weight of corm and cormels, marketable and total yield were recorded. Marketable yield was determined based on size and physical quality (Marketable = corm/cormels free from mechanical and pest injury, undeformed shape and acceptable size (>100 g)). All the vegetative growth data were collected during maximum physiological growth stage from 145 to 150 days after planting while the yield data were collected after all the vegetative growth are completed and the above ground biomass withered.
The radiation interception was evaluated for Hawassa site only. The data for cumulative Intercepted Photosynthetic Active Radiation (CIPAR) was determined from the incoming global radiation and ground cover data collected at ten days interval throughout growing period. Accordingly, the fraction of incoming Photosynthetic Active Radiation (PAR) intercepted by the canopy was recorded by measuring the ground cover at ten days interval using grids of 40×65, 50×75, 60×85 and 70×95 cm divided into 100 equal rectangles for planting densities of 38461, 26667, 19607 and 15037 plants per hectare, respectively. At every ten days, the grids were put between rows and three measurements were taken at each plot by counting the number of rectangles more than half filled with green leaf and the fraction of intercepted PAR (f) by the canopy was determined assuming 1:1 relationship between percentage of ground cover and percentage of intercepted radiation (Tsegaye and Struik, 2003; Worku and Demissie, 2012) :
Where: IPARi = amount of incoming PAR intercepted at ith sampling date; PARi = recorded PAR above the canopy at ith sampling date, and GCi=ground cover of the crop at ith sampling date The CIPAR during the growth period was determined by summing up fortnightly intercepted radiation as follows:
Where, IPARn.i is IPAR at sampling time tn.i and IPARn is IPAR at sampling time tn.
Statistical analyses
Data were analyzed using the general linear model procedure of SAS statistical software. Means were separated using Fisher's Least Significant Difference (LSD) test at 5% significance level.
RESULTS AND DISCUSSION
The analysis of variance and statistical significance levels of different growth parameters and CIPAR is summarized in Table 2 . The result indicates that most of the growth parameters such as plant height, shoot number, leaf number, leaf area and leaf area index are significantly affected by main effects and interaction effects such as location, planting density, planting dates, location by planting density and location by planting dates (Table 2) . Similarly, in Table 3 the ANOVA results and significance level of main and interaction effects of treatments on taro corm and cormels yield and yield components are summarized (Table 3) . The results of the interaction effects of all the growth and yield parameters considered in the study are discussed under their respective sub head in this section of the paper.
Date of emergence and stand count (%)
Date of emergence and stand count percentage were affected significantly (p<0.01) by interaction of location by planting dates. Early emergences (33.0 days after planting) and higher stand counts (91.7%) were recorded from late March planting at Areka (Table 4 ). In contrast, late emergence (65.3 days) and minimum stand count (47.6%) were recorded from mid-February at Areka and midApril at Hawassa, respectively. The main reason for such variation in emergence date and stand count were due to the variability in soil texture that could affect the soil moisture holding capacity as the soil texture of the locations were 50% clay at Areka and 30% clay at Hawassa (Table 1) . Similarly, the variation of rainfall between the two locations take the share for the result as the total Rainfall at Areka is exceeding that of Hawasssa ( Figure 1B) . Generally, early planting in mid-February delayed the emergence of taro for more than 60 days at both locations (Table 4) whereas, late planting in late March and mid-April during onset of rainy season accelerated date of emergency both at Areka and Hawassa almost by 50 to 48% and 34 to 45%, respectively. The result assures the importance of available moisture for emergence and successive plant stand in the field as the rain was very low during February, and March at both locations ( Figure 1B) . The corm dormancy may also be another expected reason for such delays of the emergency as corms can remain underground and survive during unfavorable environmental conditions (Onwueme, 1999; Safo-Kantaka, 2004 ). On the other hand, early emergency and relatively effective plant stand coincide at Areka in late march planting. That was mainly due to availability of moisture. Though, the onset of rainfall in both site was parallel, Areka site received relatively more amount of rainfall compared to Hawassa. In addition, Areka soil texture supported to conserve moisture for emergency and successive plant stands.
Plant height
Plant height was influenced by both planting density and planting dates at the two locations. In which plant height increased as planting density increasing at both locations (Table 5) and maximum plant heights (103.71 and 82.71 cm) ) at both Areka and Hawassa, respectively. Form the interaction of location by planting dates maximum plant height (106.4 m) was recorded at Areka from late March planting (Table 6) . Saiful et al. (2002) in which plant height was increased with planting density. The result may be attributed to increased competitions for sun light radiation in higher planting density as well as an adaptation mechanism to increased level of mutual shade. However, an opposite result was also reported in pigeon pea (Cajanus cajan)) by Worku and Demissie (2012) , in which plant height has decreased with increasing planting density. Early studies on potato crop by Allen and Wurr (1973) also revealed that planting density significantly increased the height of main stem, in which they had justified further competition for more light interception.
Shoot and leaf number per plant
Number of shoot per plant was influenced by planting density and location, but not by planting dates. Number of shoot declined as planting density increased and maximum number of shoot per plant (8.4) was recorded from the minimum planting density (15037 plant ha -1 ), whereas minimum number of shoot per plant (6.2) was obtained from the maximum planting density (38461 plant ha -1 ) (Table 7) . Likewise, Gendua et al. (2000) and Tsedalu et al. (2014) reported the same result on taro and Masariramb et al. (2012) on potato. This could be due to competition for light radiation and limited soil nutrient in higher planting density per unit area.
Like that of shoo number, leaf number per plant was significantly (p<0.01) affected by planting density and location but not by planting dates. Leaf number per plant declined against increasing planting density (Table 7) . The maximum leaf number per plant (34.6) was recorded from the minimum planting density (15,037 plants ha ( Table 7 ). Like that of shoot number, leaf number per plant declined against planting density. However, Tsedalu et al. (2014) reported that, plant density has no significant effect on leaf number per plant, but, similar with the current result, Abd-Ellatif et al. (2010) reported most of the vegetative growth including leaf number per plant influenced by planting density. Though, unlike the current result they reported that most of vegetative growth parameters including leaf number per plant increased with increasing plant density.
Leaf area and leaf area index
Leaf area per plant was affected by location, planting density and planting dates. Maximum leaf area (3.2 m 2 ) was recorded at Hawassa. Leaf area per plant declined with increasing planting density with maximum leaf area per plant (3.49 m 2 ) being recorded from the minimum density (15037 ha -1 ) ( Table 7 ). The reason behind this result is the limited resource availability for each plant as plant density increased limiting the amount of assimilates available for leaf development. Similar result is also reported on pigeon pea by Worku and Demissie (2012) . From planting dates, Late March planting significantly influenced the leaf area compared to other planting dates. Similarly, Mare (2009) also reported that leaf area per plant was affected by planting dates. Early investigation by Nanda et al. (1995) also indicated that early planting of brassica species significantly increased leaf number per plant than the same species planted late. In this study, late March planting seems appropriate time as early emergency and maximum plant stand were recorded particularly at Areka location. That may aid for maximum interception of light and subsequent vegetative growth. Comparable report by Wajid et al. (2004) also Means within a column followed by the same letter (s) are not significantly different Table 9 . Interaction effect of location and planting dates on leaf area index of taro. indicate that early sowing intercepted more PAR than the late sowing probably due to longer duration in wheat under semi-arid conditions. LAI was influenced by interaction effects of planting density and location (Table 2) , but not by location and planting dates independently (Table 8) . Unlike LA, LAI increased with increasing density (Table 7) . From interaction of location by planting density the highest LAI (9.0 and 9.1) was recorded from the maximum planting density (38461 ha -1 ) at both Hawassa and Areka respectively ( Table 9 ) that was because of bulky leaf number contribution from large number of plants per unit area. Similarly, Tsedalu et al. (2014) reported maximum LAI per plant from maximum plant density in taro planting material type and population density study; Zhou et al. (2011) also found out maximum LAI in narrow plant spacing of soybean crop spacing investigation. Correspondingly, in wetland-grown taro plant populations and seedbed type studies LAI was increased with increasing density (Tumuhimbise et al., 2009 ).
Location Planting density (plant/ha) LAI
Light interception and dry matter production
CIPAR and dry matter production (DMP) were influenced by planting density (Tables 2 and 3 ). CIPAR increased with increasing planting density but, dry matter production per plant decreased as planting density increased (Table 10) . On the other hand, DMP were not influenced by planting dates except the CIPAR (Table 11) where maximum CIPAR was recorded from late March planting but, significant variation was not observed among the other planting dates (Mid-February, Early march and Mid-April). CIPAR increased with increasing planting density whereas, dry matter production decreased against planting density. However, Oluwasemire and Odugbenro (2014) in soya bean reported that higher solar radiation intercepted increased radiation use efficiency (RUE), and dry matter production under uniform planting density. That could be due to the high competition and shading effect in high planting density. Similar result was also reported by Macanawai et al.( 2012) indicating that the shading effect from crops and other weeds would reduce light intensity within the crop and the reduction in biomass production.
Corm and cormels number per plant
Corm number per plant was influenced by location and planting dates (Table 3) . Maximum corm numbers per plant (2.24 and 2.3) was recorded from Areka location and Early March planting respectively (Table 12) . On the other hand, cormels number per plant was affected by location and planting density.
Maximum cormels number per plant (6.2 and 6.4) recorded from 26667 and 15037 plant ha -1 respectively. The lowest number of cormels per plant (5.1) was recorded from the maximum planting density (38461 plant ha -1 ) ( Table 13) . Masariramb et al. (2012) reported that in potato crop tuber numbers were significantly affected by plant population density, in which lower number of tubers per plant was recorded from the highest density.
Though, in the current study cormels number was not influenced by planting dates, Mare (2009) reported that the number of cormels per plant significantly decreased when planting date was delayed. In the same way, AbdEllatif et al. (2010) also reported that early planting dates gave the highest values of weight of corm and cormels per plant under irrigation condition. (Table 13 ). On the other hand, cormels weight per plant was affected by planting density and location but not by planting date (Tables 12 and 13 ). The highest weight of cormels per plant was recorded from the minimum planting density (15037 plant ha -1 ) ( Table 13) . Similar finding was also reported by Tsedalu et al. (2014) in which large corm weight per plant is recorded from the lowest planting density. Similarly, Abd-Ellatif et al. (2010) found out that increasing the spacing between plants from 20 to 50 cm significantly increased the weight of corm and cormels per plant. This could be due to the fact that an optimum planting density allows efficient utilization of soil nutrient and maximum light interception for more photosynthesis and dry matter accumulation in their storage organs.
Corm length and diameter
Corm length and diameter per plants were not influenced by planting density but by planting dates and location (Tables 12 and 13 ). Maximum corm length (18.66 cm) and diameter (8.3 cm) were obtained from Areka and Hawassa respectively. The result was similar with the result of Tumuhimbise et al. (2009) in which they found both corm parameters were not significantly influenced by planting density. However, Tsedalu et al. (2014) reported differences in mean corm length per plant due to plant density in which they found the highest mean corm length from the lowest plant density. In potato tuber, similar result was also reported by various authors in which average tuber size has been shown to decrease nonlinearly in response to increasing crop density (Knowles and Knowles, 2006; Zebarth et al., 2006) . AbdEllatif et al. (2010) also reported the effect of planting date, intra-row spacing and their interactions on corm diameter, corm length and their ratio.
Marketable and total yield per plant
Average marketable yield per plant was significantly affected by location, planting density and planting dates (Tables 12 and 13 ). However, all planting dates are at par except for Mid-April. Total yield was also influenced by planting density but not by planting dates. Both marketable yield and total yield per plant decreased as planting density increased. Maximum marketable yield and total yield per plant were recorded from the minimum planting density (15037plant ha -1 ) ( Table 13) . Similar finding was also reported by Mangani et al. (2015) in which marketable yield significantly increased in wider spacing.
Conclusion
The current study revealed that plant density is an important agronomic management practice to improve the productivity of root crops through enhancing the capacity of plant for light interception, and thereby dry matter production. The minimum planting density (15037 plant ha -1 ) outscored in vegetative growth, DMP, marketable and total yield per plant. Planting date is also an important management practice; Late March planting was identified best in vegetative growth, CIPAR, DMP, marketable yield and total yield of taro. However, during the field experiment, the onset of rain was late from the usual at both locations; as a result the first planting date at mid-February took about 63.4 days in average before emergence due to extended dry season. The results of the current experiment confirm that the availability of soil moisture was more important than the time of planting.
